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How to Construct a Transient (cont.) 


transfer function of a closed system. The author neglects to explain the fact 
that the formula in question, which interrelates the discrete values for input 
and output values, though essentially precise, nevertheless requires that the 
poles of the closed system's transfer function be ascertained. An approxi- 
mate formula is obtained by replacing the exact discrete transfer function 
with a function comprising the transfer coefficients of the system's individ- 
ual components. This formula does not require the solving of the closed 
system's characteristic equation, Simplified examples are given of the use 
of this procedure for the approximate determination of transient functions. 
An account is given of several modifications of the procedure which adapt it 
for use with nondirectional circuits and for determining approximately a dis - 
crete transfer function through a substitution for the independent parameter. 
The article contains references to works published previously on this sub- 


ject. 
A.A. Krasovski 
1. Control systems--Mathematical analysis lies 
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Transiation from: Referativnyy zhurnal, Mekhanika, 1958, Nr 3, P 12 (USSR) 


AUTHOR: | Tsypkin, Ya. Z. 


oo 

TITLE: r~ On the Relationship Between the Spectra of an Amplitude-inodutated 
Impulse Sequence and of Its Envelope (O svyazi mezhdu spektrami 
amplitudno-modulirovannoy posledovatel! nosti impul' sov i yeye 
ogibayushchey) 


PERIODICAL: Tr. Vses, zaochn. energ. in-ta, 1957, Nr 7, pp 107-114 


ABSTRACT: The author designates with f#(t) a modulated sequence of 
impulses following one another at intervals of time T_ witha 
repetition frequency of w = 2t/T_ and with f (t) - their 

envelope with which {* (t) foincides at discrete moments of 
time t=nT.. If FG%. ) is the spectrum of {(t) and on the basis 
of physical >. onsiderations the spectrum of £* (t) is determined as 


% 0 
F (jw) = 2 


n=0 


-j T 
goer roan) 


then the relationship between the spectrum of the amplitude- 
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envelope appears as 


The expression of the reaction of the circuit under the action of the envelope 
is examined with the help of the reaction of the circuit under the action of a 
unit-area impulse and it is stated that the transmission of an uninterrupted 
signal may be replaced by a transmission of a modulated sequence of impulses 
with a repetition frequency of w. Ina particular case where the circuit 

is an ideal filter with a cut-off frequency oo Seo w 9/2, the expression 

f (t) is obtained by means of its discrete values for t= nTo, 


V.S.Lyukshin 
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TSYPKIN, {a.Z., Dr.techn.sc.Prof., PETROV, Ieley cand. techs 8C.,dasent 
"Introduction to the Dynamics of the 


(Bibliografiyas U,V. tieyerov. Vvedeniye V dinamiku avtomaticheskogo 


; Nr 8, pp 94a - 96(UeSS-Re) 
1956, W168 pages, price 22 roubles. the 


AUTHOR 
TITLE Book Review. bieVe yieyerov 
Automatic Control of Electric Kachines" 
regulirovaniya elektricheskikh mashin. Russian) 
PERIODICAL Elektrichestvo, 19575 
ABSTRACT Published by takadenisdat® ; 


book deals with: the theory © 


f£ transition processes in electrical 


machines, the description of standardized elements and the general 
theory of automatic control. The treatise consists of an introduc 
tion and 17 chapters In chapter 1 the equations for the electric 
machines are derived, in chapter 2 the standardized elements of the 
control-system are described. Chapter gives the principles of the 
Fourier! and Laplace transformation theory. Chapters ), - 12 deal 
with the theory of normal linear continuous systems and chapter 13 
deals with the theory of impulse-systems » The last chapters de- 


scribe methods and problem 
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Book Reviews H.V. Meyerov ‘Introduction to the Dynamics of the 
Automatic Control of Electric Machines" 


Professorial Chair for Automatic Control and Regulation VZEI, 
Professorial Chair for Electrification of Industrial Enterprises 
VZEI 

(Kafeda avtomaticheskogo kontrolya i regulirovaniya VZEI. — Kafedra 
elektrifikatsii prompredpriyatiy VZEI) ao 
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AUTHOR LETOV,A-M., NAUMOV,B.N., RACEEV,V.A-» CYPKIN, JA.Z- 
TITLE Phe Congress on Automatic Control Held at Heidelberg (German 
Federal Republic). 
PERIODICAL Avtomatika 4 telemechanika 18, fasc.1, 93-96 (1957) 


2 / 1957 


place from th 
he department 


Issued: 


e 252921956 


for control 


This congress took 
was organized by t 
the Society of Ger 
attended by scientists of interna 
tioians and theor 
by a delegation 0 
Academy of Science in the USSR un 
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well as with technical engineering circles 
cooperation in the congress cons 
answering as well as asking ques 
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The USSR was represented 
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p of A.M.LETOV. The 
ake part in the congress, 
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to visit several firms. Soviet 
tures held by Soviet delegates, 
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Avtomatika i telemechanika 18,fasc.1,93-95 (1957) CARD 2 / 2 PA = 1995 


printed 6 - 8 weeks in advance and were sent to all participants. This made 

it possible to study all details closely up to the control of computations and 
calculations, which made discussions particularly interesting. After the con- 
gress was opened plenary lectures were delivered: The following 11 departments 
were organized: 1.) Technical means of automatics, 2.) reciprocally coupled 
control, 2 linear methods in the theory of control, 4.) the automatized 
factory, 5.) determination of nonlinear processes by means of frequency methods, 
6.) nonlinear and interrupted control systems, 7.) the control of boilers, 

8.) optimum tuning and quality of control, 9.) control in industry, 10.) statis- 
tical methods of control, 1.) computers (counting machines) in control 
technics. Among others the following problems were discussed: The application 
of nonlinear elements and computing devices on control systems, the use of 
counting machines (7?) for the computation of automatic systems, the determina- 
tion of the dynamic characteristics of objects from the data obtained on the 
basis of normal work. The themes of some works are mentioned. 

The following aims were formulated for the organization of an International 
Federation of Specialists on Automatic Control: 1.) Exchange of information 
concerning the automatic control among individual member states, 2.) Organiza- 
tion of international congresses on automatio control every four years. 

A committee which was charged with the task of preparing the organization of 
this federation was formed. 

INSTITUTION: 
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"Correction of Control and Regulation Pulse Systems, "by Ya. 2%. 
Tsypkin, Avtomatika 1 Te lemekhanika J, No 2, Feb 57, pp 1U- 


Continuous methods and pulse methods are considered in the paper for 


correction of pulse systems. A technique for calculation of the correc- 
uthor shows the possibility of em- 


tion elements is described, and the a 
ploying digital computers as correction elements. (U) 
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a COVERAGE; ‘This donk contains memarics of reports mais at the Conference on 
Coaputational Matheoatics and the Applications of Comater Techoiqwe. 

The book {6 divided into tro main parte, The firet yert ie Gavoted to 
computational mthemtice and contains 19 sumaries of reporte. The seoond 
section fe devoted to computing techniques and contains 20 sumaries of 
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Computational Mittemtics and the Use of Conpater Tectniqas) Bar, 197%. + 

63 pe %0O copies printed. t | 

A4ALtional poneoring Agencies: Akadeaiya nauk SSSR. Vychisiitel'nyy teentr, . | 

and Akademiye caux SUIR. Institut avtomntix{ { telemekhaniki. = : 

. Ho contritutora mentioned. | 

Be FURTOCR: ‘This book is intended for pure and applied enthematictens, actentiete, * | 

: %; engineers and setentific workers, whose work involves computation and the use 

3 of digital aod analog eleetroais cosputers. | 
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Teoriya impul'snykh sistem (Theory of Pulse Systems) Moscow, Fizmatgiz, 
1958. 724 p. 15,000 copies printed. 


Fds.: N.A. Korolev and I.V. Pyshkin; Tech. Ed,: S.S. Gavrilov. 


PURPOSE: This book is 4ntended for scientists and engineers concerned 
with the design and calculation of pulse systems. . 


COVERAGE: Despite the great variety of pulse systems and the many 
fields of their application 4n contemporary technique, the author 
has aimed at presenting the theory and methods of calculating such 
systems in a simplified form. He employs, wherever possible, methods 
used in calculating conventional continuous linear systems, using. 
the Laplace transform as the main mathematical tool. This has - 
enabled him to introduce for pulse systems the concepts of transfer 
function, frequency response and time characteristics and to clearly 
determine transient and steady-state processses. Chief attention 
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is paid to the method of investigation and to an explanation 
of the characteristics of pulse systems. The pook is illustrated 
py a great number of examples and detailed solutions of typical 
problems accompanied by formulas and graphs. The author drew 
partly on the material contained in his previous book 'tpansient 


1951). The author considers necessary the publication of another 
pook which would complete the coverage of pulse systems, in 
particular, problems concerning, the approximate analysis and 
synthesis of continuous systems with constant, varlable and 
nonlinear parameters, and also the application of the theory 

of pulse systems for solving a number of problems of numerical < 
analysis. He thanks V.I. Gokov, N.A. Korolev, I.S. Morosanov, 

I.V. Pyshkin and M.M. Simkin for their help in editing the text. 
There are 354 references divided into 4 groups: l. Circuit 

diagrams and application of pulse systems ~ 56 references, of which 
27 are English, (1 translated into Russian), 7 German, 1 Czech and 
21 Soviet. 2. Discrete Laplace transforms and difference 

equations - 58 references, of which 34 are English (6 translated 
into Russian), 15 Soviet, 5 German (2 translated into Russian), 
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2 Polish, 1 French and 1 Czech. 3. Open-cycle pulse systems - 
63 references, of which 30 are Soviet, 26 English (1 translated 
into Russian), 3 Polish, 2 German and 2 Czech. kh, Closed-cycle 
pulse systems - 177 references, of which 108 are English 

(5 translated into Russian), 50 Soviet, 12 German (2 translated 
into Russian), 3 Czech and 2 Polish. 


TABLE OF CONTENTS: 


Foreword 6 
Introduction : 9 . 
Ch. I. Pulse Systems and Their Application 13 

1. General description of pulse systems 13 

2. Open-cycle pulse systems : 20 

3, Closed-cycle pulse systems 47 
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Ch. Il. Fundamentals of the Discrete Laplace Transform and 
Difference Equations 103 
1. Lattice functions and difference equations 103 
9, Definition of the discrete Laplace transform 113 
3. Basic laws and theorems : 118 
4. Solution of simple difference equations 138 
5. Solution of linear difference equations of an arbitrary order 151 
6. Inverse discrete Laplace transform. Inversion formula 157 
7. Relation between the discrete Laplace transform, Fourier 
series and Laurent's series 171 
8. Relation between representations of a continuous function 
and its corresponding lattice function 175 
9. Random lattice functions 190 
Ch. III. Fundamentals of the Theory of Open-cycle Pulse Systems 200 
1. Reduction of open-cycle pulse systems to the simplest form 200 
2, Equations and transfer functions of open-cycle pulse systems 210 
3. Equations and transfer functions of open-cycle pulse systems 
with several pulse elements 233 | 
4, Equations and transfer functions of open-cycle pulse systems 
with variable parameters ky 
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5. Processes occurring in open-cycle pulse systems with typical 

actuating signals 256 
6, Pulse and frequency characteristics of open-cycle pulse 

systems | 269 
7. Processes occurring 1n open-cycle pulse systems with 

arbitrary nonperiodic and periodic signals 280 
8. Open-cycle pulse systems acted upon by random signals 289 
G. Comparison between open-cycle pulse systems and continuous 

systems 299 


Ch. IV. Investigation and Calculation of Open-cycle Pulse Systems 305 


1. Thermal conditions of a mechanism under intermittent 

working conditions 305 
2. Video peak detector 309 
3. Clamping circuit 314 
4, Pulse control of motor speed 316 
5. Inverter 326 
6, Oscillations in mechanical systems acted upon by pulse 

signals 334 
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systems 387 
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9, Synthesis of closed-cycle pulse systems | 524 
10, Processes occurring in closed-cycle nonlinear pulse systems 534 


Ch, VI. Investigation and Calculation of Closed-cycle Pulse Systems 549 


1. Automatic system of temperature control 549 
2, Automatic control system for mixture concentration 569 
3, Servomechanism system without moment of inertia 579 
h, Automatic system of frequency tuning 590 
5, Automatic system of gain control 599 
$. Automattic tracking system 614 
< Discrete data digitizer 632 

, Smoothing and prediction of discrete data in digital 
computers 648 

9. Pulse system for transformation of discrete data into 
continuous ones 655 
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BOV/144-58-9-18/18 
Gikia, d. ¥., Candidate of Technical Belences, Doceot 


Inter-University Scientific Conference cn Blectric 
Measuring Instruaents snd Technical Keans of Autosation 
(Mezhvusovekaya nauchnaya konferentatya po 
elektroizmeritel’nym priboram i tekhnicheskin sredeatvan 
avtomatiki) 


PERIODICAL: Isveatiys Vysshikh Uchebnykh Zavedenty,Klektroaekhanika, 
1958, Nr 9, pp 130-135 (USSR) 


ABSTRACT: The conference was held at the Leningradskiy 
elektrotekhnicheskiy inntitut imeni ¥. I, Ul'yanova 
(Lenina) (Leningrad Electiro-technical Institute iment 

¥, I, Ul' yanov (Lenin)) on Movember 11-15, 1958. The 
representatives of eleven higher teaching establishments 
and three research inetituter participated and a large 
nuaber of specialists of various industrial undertakings 
Sere Deeenn and Junior Scientific worner 

oO or Ye,-G.Ghramkov or Scien’ 

a i ropektne (Leningrad Polytechnical Inatitute 
dmeni &. Y. Kalinin) presented the paper "Measurement 


Card 8/13 pao 
of large d.c, currents by the nethod of nuclear 
asgnetic resonance", which permits measuring with an 
error delow 0.1%; the built experimental instrument was 


auitable for measuring currents up to 35 000 A with an 
error not exceeding 0.0%. 


Professor H. N, Shumilovakiy (Moscow Lenin Order Power 
Institute) presente paper "Basic trends of 
Serelopeent of radio-active methods of automatic 
control of production processeo"; he dealt with 
sources of metering errors and methods of improving 
the accuracy. 
Professor Ya, is eee Institute of Automatios snd 
Moenechanics, Ac.bc, IR) presented the paper "On 
certain features and potentialities of impulse 
autozatic systens". He dealt particularily with 
suvutee evtcen deley in iapulee automatic systems 

e 


e extremal and self-setting systens and basic 
Card 9/13 trenie in the development of impulse circuits, 
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AUTHOR: Tsypkin, Ya. 2 (Moscow) 103-19-5-1/14 
ee 
TITLE: Sampled-Data Systems With Extrapolating Devices 


(Impul 'snyye avtomaticheskiy® sistemy 8 okstrapoliruyushehi~ 
mi ustroystveni ) 


PERIODICAL! Avtomatika i Pelomekhanika s 4958, Vol- 19, Nr- 5s 
pp. 389-400 (USSR) 


ABSTRACT: The article eontains a section of the lecture on "Some 
Problems of the Theory of Discreet Systems" held on the 
symposium in Atlantic city, USA, in October 1957. Sampled- 

data systems in which the extrapolating device (ED), i+ & 


As the investigated extrapolation is closely connected 
with the knowl] edge of the nature of the prozess within a 
repetition pericd, iv ? petween the digoreet moments ; 
the equation of the system with an extrapolating device 
must express the precess at any moment. At first the 
structure and then the equation of the extrapolating de~ 
Card 1/2 vice are given» From equation (5) is to be seen that the 
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Sanpled-Data Systems With Extrapolating Devices 403-19-5-1/14 


forming elements must contain the lag elements, the ampli-~ 
fiers and integrators. It is shown that the ED consists 

of 2 parts: a discreet one (discreet filter) and a conti- 
nuous one (integrators) (Reference 2). The equation for 

the closed sampled-data system with an extrapolating device 
is derived. Equation (12) contains the equations of sampled- 
data systems with a fixator (References 3 and 5) as well 

as the equations of the system for the transformation of 
discreet data into continuous ones (Reference 2) as special 
<ases. The different forms for the representation of the 
transmission function of an open system are given. The pro- 
cesses in closed systems with ED are determined. From for- 
mula (24) derived here the impulse characteristic of the 
closed sampled-data System can be determined. Finally an 
example of the computation of a system with ED is given. 
There are 12 figures; 3 tables and 11 references, 6 of 
which are Soviet, 


SUBMITTED: September 12, 1957 
AVATLABLE: Library of Congresa 
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tur: Developsent of the Theory and the Application of Deorest 
Amteentic Syptere (Rarvitiye tevrii 1 primenenty diexretnyxh 
avtematicheekikh sisten) . 


VERTCDICAL: Veutnth Akademii nauk BSSR, 1959, Br 1, pp 138-139 (T3SR) 


ABSTRACT: fhe cuafereace dealing with thie problem tock place in Moscow 
from Septender 22 to 26, 1958 and was cpened by Y. 4. Trapes~ 
attov, chatreaam of the Batelonal*nyy komitet SSSR po avtonati- 
ebeockows apravientyu (Jatioual Consittee of the USIR for | 
automatic Cantvol). In “the Plesayy Meeting Yao %. Teyskin ree 
pertad on discreet aztomatia systers and their develcpaent 
SFoapects, The work of the sonferance was undertaken ty 5 
ewetione: Reports were hele byt jy. - 

@e Po Tartexevakty and Ta. Po Perov reported on new investi-= 
@ation results in She case of pulsw systems with variable pare- 


dealt in his report with hie successful pro~- 
“eedares enalysie cof pulse nystexs with several elezenta. 
, Fo Me Ktlin spoke ebout thw problem of an inorease of the 
Cart 1/3 “perterbetion stability cf the systene. © : 
+: Ae SocBappkcin, investigated the poastbtitties of calee apetene,. 
oie SSRs Ercroryriy tnveetigates*cse ef the poowible vays Be 7 


evnetreeting ax sutcszatie esntrol.systen vit - 
reoting deviee. =r “eee ps 
- - Be Be Kregius.analyesd paiee ayetess.. ..  * 
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(2) s0V/20-124-4-23/67 
AUTHOR: Tsypkin, Ya. Z. 
ee 
TITLE: On the Elimination of the Influence of Retardation on the 
Dynamics of Nonlinear Automatic Pulse-systenms (Ob ustranenii 
vliyaniya zapazdyvaniya na dinamiku nelineynykh impul'snykh 
avtomaticheskikh sistem) 


PERIODICAL: tesa Akademii nauk SSSR, 1959, Vol 124, Nr 4, pp 812-814 
USSR 


ABSTRACT: A nonlinear pulse-system is composed of a nonlinear elenent 
(which transforms the error x into the quantity x, =¢(x)), 


a pulse-element (which transforms the quantity X4 into a 


gaquence of rectangular pulses which are modulated with 
respect to amplitude, width, or position) and of a continuous 
part containing the retarding element. Retardation shifts 
the instances of time of action to the constant time +, often 
deteriorates the dynamic properties of the system, and may 
lead to instability. The characteristic features of the mode 
of action of pulse-systems render it possible to compensate 
this unfavorable influence of retardation and to realize 
Card 1/3 (in nonlinear pulse-systems) processes which differ from the 
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processes in similar systems vithout retardation only by 
a shifting of time. The author investigates the processes in a 
the relative time scale t = t/t, where T, is the interval 


of repetition. Further, it is assumed for reasons of simpli- 
fication that the relative retardation 7 = +/T_ = m, is 


an integer. Formulas for the uninterrupted reaction v(r,x{k] ) 
of the continuous part of the system are written down. By 
summation of the reaction of the continuous part over indi- 
vidual pulses it is possible to determine an equation for 

the processes in the pulse~system at discrete points of time. 
In order to be able to eliminate the influence produced by 
retardation, it is necessary that the controlling signal 
satisfy a condition given by the author. Also the equation 

of the extrapolating device is explicitly written down. More- 
over, the structure of the extrapolating device does not 
depend on the nati of nonlinearity or of the type of modula- 
tion. The structural scheme of the nonlinear pulse-system 

in which the influence exercised by retardation on the 
dynamic properties of the processes is eliminated, is shown 
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in form of a schematic drawing. A discrete filter actually 
modulates the processes in the object t be regulated. There 
are 3 figures and 1 Soviet reference. ‘a 


ASSOCIATION: Institut avtomatiki i telemekhaniki Akademii nauk SSSR 
(Institute of Automation and Telemechanics of the Academy 
of Sciences, USSR) 

PRESENTED: October 23, 1958, by V. A. Kotelinikov, Academician 


SUBMITTED: October 21, 1958 
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TSYPKIN, Ya.Z., prof., doktor tekhn.nauk, otv.red.; GRIGOR'YEV, Ye.N., 
7 red,izd-va; ASTAF'YEVA, G.A., tekhn.red, 


{Automatic control] Avtomaticheskoe upravlenie. Moskva, 1960. 
431 p. (MIRA 13:7) 


1, Akndemiya nauk SSSR. Institut avtomatiki 1 telemekhaniki, 
(automatic control) 
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(L-&6° 8/044/62/000/005/059/672 
0111/C444 
wumor: | Bsypkin, Yas Ze 
TITLE: Elements of the theory of digitat automatic systems ‘ 


‘PERIODICAL: Referativnyy zhurnal, Matematika, no. 5, 1962, 61, 
abstract 5V343. ((Hezhdunar. federatsiya po avtomat. upr. 
; i-y Mezhdunar. kongress po avtomat. upr.) M., AN SSR, 
t 1960, 18 pages, illustrated) 


TBAT: One points to the fact that the theories of scanning and Nee 
Relais sjstems of the automatic control have reached a high level of _ 
development where against 4 theory of digital uutomatic systems is actual- 
ly lacking. One describes elements of the theory of digital automatic , 
systems under consideration of the quantizing (with respect to the level's 
ay well es to time). The function scheme of the digital automatic system 
and its description ure given. One underlines that it is ‘characteristic 
for digital automatic systems that a number of quantities accepts fixed 
values. in fixed points of time caused by the quantizing. Equations 
describing the dynamic of the digital automatic systems, are given. The 

ao. -analysis-of the digital automatic systems is..considered; it consists 


of the estimation of the influence of the quantizing effect at given or 
Card 1/t+ 
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arbitrary effects, further of the investigation of periodic ang in- 
stationary processes; one supposes thereby that the structure of the 
digital automatic system be given. The estimation of the quantizing effect . 
consists of the determination of the variation of the initial quentity , 
at quantizing with respect to the level; 4 formula giving this estination 
is added. One points to the fact that in case the transition function I 
of a linear impulse s;stem is aperiodic (i. e. the impulse characteristic ane 
is positive), the periodic processes peing possible in the digital auto- on 
matic system are not large than @ quantizing interval according to their 
amplitude (with respect to the level); the more oscillating the transi- 
tion function, the larger the amplitude of the periodic processau in the 
digital automatic system can be. One points to the fact that in a number 
of cases the given estimation can be superelevateds therefore @ statistic 
investigation by uid of the method of statistic linearisation would be 
interesting. One points to the fact that the quantizing with respect to 
the level is @ non-linear operation in which proceuses periodic to the 
digital qutomatic systems uré possible. The cause 4g often the zaturation 
of the characteristic of quantizing which follows after 4 certain number 
of quantizing intervals. A method for the investigation of the periodic 
pEog esas ig described. Transition processes in digital automatic 
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cesses the transition process converges to 
which is determined by the outer effect, 
level. The syn 
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of the digital computor such 


structure oO 


influence of the dead-time is comp 
optimal processes are realised; 
nation of the influence of the dead- 
system with dead-time on. attains a proce 
from the process in the system wi 


digital automatic systems 4r 
processes which et 
extremal. Because of the quantizing effect 
of this problem the me 
The synthesis of an optimal system follows 
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determination of the controlling which has to bear upon the cut open 
system in order the process be optimal; 2. The determination of the 


structure of the closed system where the optimal influence of the fi 
control is formed. The block circuit diagram of an optimal system is oi 
given. 


There are nine figures and a bibliography with ten titles. 
[Abstracter's note: Complete translation. | 
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$/194 61/000/002/014/039 


JL 4000 D216/¥302 


AUTHOR: Tsypkin, Ya.Z. 
TITLE: Discrete automatic systems - problems of theory n 
and prospects of development 


PERIODICAL: Referativnyy zhurnal. Avtomatika i radioelektronika, 
no. 2, 1961, 33, abstract 2 V254 (V sb. Teoriya i 
primeneniye diskretn. avtomat. sistem, M., AN SSSR, 7 
1960, 5-24) WA ; 


TEXT: Basic ideas and definitions are given in relation to the 
discrete automatic systems (DAS) with either level- or time- or 
both Level- and time-quantization. ' The classification of those 
systems is given and basic characteristics of DAS of various types 
are given which relate the quantized to the corresponding contin- 
uous signals, the characteristics permitting evaluation of the 
effect of various quantization parameters (frequency and Level) on 
the dynamic properties of DAS, Examples of the practical possibil- 
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ity of realizing DAS are given. Basic problems of theory of DAS 
are solved. 11 references. 
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E£073/E435 


AUTHOR: Tsypkin, Ya. Winner of the Lenin Prize, Professor, 
Boctor of Technical Sciences 


TITLE: Remarks Relating to’the Launching of the Soviet 
W Spaceship-Satellite on May 15, 1960 
PERIODICAL: Radio, 1960, No.€, pea 


TEXT The success of launching of the huge spaceship was made 
possible due to the extreme accuracy of the ssientific and the 
design calculations. Y am extremely pleased with the 
achievements of my colleagues, who work in the field of Nspace" 
automation, They have managed to design apparatus which ensured 
guiding the spaceship into orbit in accordance with the 
predetermined programme. 
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9,3295 54) 

AUTHOR : Tsypkin, Ya.Z. 

TITLE: Compensation of the delay effect in automatic pulse~ 
systems 

PERIODICAL: Referativnyy zhurnal Avtomatika i radioelektronika, 
no. 6, 1961, 385 abstract 6 v271 (V sb. Teoriya i 
primeneniye diskretn. avtomat. sistem-, M., AN SSSR, 
1960, 156-171) 

TEXT : A method of compensating the effect of delay in the object 


on the dynamic properties of Linear pulse-systems is suggested. The 
method makes it possible to obtain 4 transient response in a system 
with delay differing from that in a system without delay, only by 

the magnitude ~ of this delay. To obtain such 4 transient response 
special control elements have to be introduced into the control cir- 
cuit: a diserete Filter (DF) connected to the output of the pulse 

element and a4 discrete extrapolator (DE) connected to the output of 
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the continuous section located behind the pulse element. The DF 
and DE are added together, forming in advance by time t the delay 
of the output of the system and this sum is used for the feedback 
signal. DR consists of a series of elementary memory elements, in 
every one of which the delay is equal to the interval of repetition 
T of the pulse element and the total delay is @ = mT. The output 
of memory elements are added to the gain equal to m by the first 
cadence value of the pulse transient response function. DE consists 
of a chain of ‘ similar memory elements with overall feedback x 
( t - order of the output system). ‘The parameters of DE arc deter- 
mined by those of the output system. 13 references. / Abstracter's 
note: Complete translation 
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AP 1000 8/024./60/000/02/013/031 
B140/E135 
AUTHOR: | _Bsypkin, Ya.Zes.-(Moscow) 


TITLE: Certain Properties and Possibilities of Pulse Control 
Systems 4 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Energetika i avtomatika, 1960,Nr 2, pp 98-109 (USSR) 


ABSTRACT: This paper was presented at the All-Union Conference on __ 
Electrical Measurements and Automation I 8, 
ovember 11-15, 1958, Leningrad. The article contains an 
analysis and discussion of linear (amplitude-modulated) 
pulse control systems, In such systems a continuous input 
function is quantised by the pulse element and then 
: processed by a continuous element. If the input spectrum 
cut has frequencies exceeding half the repetition rate of the 
pulse element, a transposition of high frequency 
components into the low frequency end of the spectrum 
takes place. This is in contrast to filtering where the 
high frequency components are eliminated. This is at the 
Gard basis of Kotel'nikov's pulse theory. Formula (2.17) 
1/3 indicated that the spectral density of a random quantised 
signal is obtained by summation of the spectral densities 
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shifted along the frequency axis. From Eq (2.17) it 
follows that the spectral density of a quantised signal 
cannot be lessthan the spectral density of the 
unquantised signal. Expression (2.20) gives the relation 
between the spectral densities of input and output 
quantities, quantised in time. It is analogous to 
relations applying to unquantised quantities. Concerning 
the dynamic properties, pulse automatic control systems 
may be better and have greater stability reserves than 
Continuous control systems. This includes systems with 
delay and distributed parameters, for which the intro- 
duction of time quantisation leads to stabilisation. An 
interesting and important characteristic of pulse 
automatic control systems consists in the possibility of 
realising processes in which the error after a finite 
number of repetition intervals becomes identically equal 
to zero, These processes are analogous to those occurring 
in relay control systems. The realisation of such an 
optimal system may be carried out by varying the structure 
and parameters of the continuous part or Are aoa, 
loop. Applications are 


ee 
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givens stroboscopic oscillographs; optimal control 
systems with models operating repetitively to an 
accelerated time scale; control systems with zero error 
employing accelerated models for determining correct 
moment of relay operation; closed-loop controilMin 
serial production. The introduction of digital 
computers will substantially broaden the above 

Card pled aah alah oar 
here are 18 figures and 6 references, of which 2 are 


3/3 Soviet and 4 English, 
ASSOCIATION: Institut avtomatiki i telemekhaniki Akademii nauk SSSR 


(Institute of Automation and Remote Control, Academ 
of Sciences, USSR) 4 


SUBMITTED: December 11, 1959 
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82208 
AUTHOR: Tsypkin, Ya.Z. (Moscow) A 
A 
TITLE: Optimal Praceasesl 4h Pulse Automatic Control Systems 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Energetika i avtomatika, 1960, No.4, pp.74-93 


TEXT: Based on a paper at the meeting of the 4£1l1-Union Society 
for Science and Technology imeni A.S.Popov, May 17, 1960. 


An optimal process in a pulse automatic control system (PACS) 

is a process of finite duration in which some functional defining 
the system quality in a given defined sense takes on an extremal. 
The development of an optimal PACS (one in which the optimal 
process is realized) consists of two steps: determination of the 
optimal control signal producing the optimal process; 
determination of the structure of the optimal PACS in which the 
optimal control signal is generated. Various authors (Ref.1 to 6) 
describe the PACS by difference equations and the first part of 
the problem is solved by finding a trajectory in a certain phase x 
space, However the set of first order difference equations 
describing behaviour of the system does not permit direct physical 
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reasoning and does not give a convenient point of departure for 
the second part of the problem. The author has developed a 
method based on the transient characteristics of the continuous 
part of the pulse system and employing the theory of extremals of 
functions of many variables and the method of dynamic programming. 
‘his requires the use of digital computers for practical solution. - 
After discussing the solution of the first part of the problem and 
deriving the principal equations, the author then discusses 
realization, giving block diagrams of various possible system 
structures for the most general and certain special cases. Three 
examples are then given; 1) PACS with minimum control signal 
energy; 2) PACS with least-square error; 3) PACS in which the 4 
maximum value of the output quantity is realized at a given 
instant (in a minimum number of pulse periods). For nonlinear 
PACS, the solution of the equations can only be carried out by 
computers. This may be done in two ways, by first solving the 
problem on the computer and then designing the equipment to 
realize the solution, or by building a special purpose real-time 
computer into the system. For systems with random inputs the 
Card 2/3 
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AUTHOR ¢ Tsypkin, ta. Ze 


TITLE: Frequency method of construction of transients in 
, on-off. control systems 


PERIODICAL: Heferativnyy zhurnal, Avtomatika i radioelektronika, ~ 
no. 9, 1962, abstract g-2-116 kh (Bul. Inst. politehn. 
Tagi, 1960, 6, no. 4-2, 227-230 (summaries in Eng. 


and Rum. 
(EXT: The author describes & graphical method of constructing iv 
the pulse response function K(t) of an on-off control system, a 


containing continuously operating links from the real part He 

K(jo) of the frequency response. The method is based on the trape2- 

oidal approximation of Re K(jw) and is similar to the one used for 
continuously operating systems. 8 references. / Abstracter's note: 

: ‘domplete translation. _ 


Gard 1/1 


APPROVED FOR RELEASE: 08/31/2001 


CIA-RDP86-00513R001757320008-8" 


CIA- 


RDP86-00513R001757320008-8 


Lec Teas Rea SS oat 


sts 


s/030/60/000/¢1+/008/026 
BO021/B059 
AUTHOR: Tsypkin, Ya- Z., Doctor of Technical Sciences 
ilintal 0 aitetes ee 
TITLE: Discrete Aytomatic Systems 


PER GODICAL: Vestnik Akademii nauk SSSR, +960, No. 11, pp; 61-65 


TEXT: Discrete automatic systems make it possible to raise the speed of 
transmission and evaluation of information ,to increase precision of func- : 
tion of the elements and of the entire systen, and to utilize the various 
methods of information storage. In discrete syatems, at least one of the 
quantities is subjected to quantization. Digerete automatic systems may 

be divided into relay-» pulse-, and digital systems. Automatic relay sys- 
tems are characterized by quantization of one of the quantities represent- 
ing the value of parameters according $o the level of the signals. They 
are non-linear. The properties of relay systems having one degree of free~ 
dom were thoroughly investigated according to A. A- Andronov'is tneory. The 
study of the possibilities of realizing optimum processes is 4 large part 
of the present theory of automatic control, namely the thecry of optimun 
systems. Wethods for the construction of such systems are heing worked 

out. yaa relay systems are employed in solving new problema, aS @+&+s 
Card 1 
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in radio-telemechanics and in systems of program control. Automatic pulse 
systems are distinguished by quantization of one of the quantities with 
respect to time and allow to avoid the detrimenta, effect of delay in con- 
trolled objects. They have a highly noiseproof feature. The theory of auto- 
matic pulse systems ig at a high level at present. In automatic digital ‘ 
systems, quantization of one of the quantities with respect to both level lf 
and time simultaneously is realized by means of a digital computer This 
digital computer can be used as davice for problems, comparison, correct- 

ing, and searching. Fig. 1 shows an automatic pulse system, Figs 2 opti- 
mization of the process by means of modelling. an allround use of automatic 
discrete systems without theoretical pasis is not pessible. The development 
of self-tuning automatic systems raises new problems. Related scientific 
fields must be inquired for solving them. There aré 2 figures. 
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SOV/103~21-3-1/21 
AUTHOR: Tsypkin, Ya. Z,. (Moscow) 
TITLE: “Appraisal of the Effect of Quantization Level on 


Processes in the Digital Automatic Systems 


PERIODICAL: Avtomatika 1 telemekhanika, 1960, Vol 21, Nr 3, pp 
281-285 (USSR) 


ABSTRACT: A method is described of determining the interval of 
quantization level in automatic digital Systems, 
the linear parts of which contain constant and 
variable parameters. (1) The Equivalent Diagram 
of the Automatic Digital System. A diagram of an “ 
automatic digital system is shown in Fig. 1: 


“f 
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t transforming a@ continuous 

rete quantity. This element may 

les connection of an impulse element 
with several step characteristics 


Here, H is an elemen 
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: Replacing further the relay element by a parallel 
connection of the amplifying element with a gain 
unity and a nonlinear element, the characteristic 
of which ig a difference between the linear and 
the relay characteristic (Fig. 2c), the following 
transformations of the system of Fig. 1 are obtained: 


f LUMUTIHG 
- a] IMPULSE 
SYSTEM 
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Let key (njm,&) be the impulse characteristie of the 


linear impulse closed loop system which can also 
include the vartable parameters, Then the equation 
of the system corresponding to Fig. 3b will be 
given in the form: 

n 


7 ime 3 falr m, sh Lm) — Wee tm, O14 ptm. (1.2) 


m=9 . 


(2) Deviation Caused by Level Quantization. The 
limiting impulse automatic system zy differs from the 


aitomatic digital System 2 in the absence of the level 
quantization. Difference between z(n,®) ana z,(n,€ ) 


determining the effect or level quantization {5 given 
in the form: 
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b2[n, e] = [n, ©] —2; [n, e] = Dd} Kafr, my eh MU (/tm))—F (2 [yn, 0})}. (2.4) 


Moo 


(3) Determination of Maximum Deviation. The 
following equations for the maximum value of 


dz [n,€] | are obtained from Eq. (2.4): 


n 
max|éz(n, 2]{< >} [Asin —m, e]jc (3.5) 


mt:=0 


or 


max | 8z[n, 6] |< oH [Aa [m, e]]o. 


m=0 
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whereO is interval of quantization. The m +imum 
deviation of the process caused by level quantization 
does not exceed the sum of the absolute values of 
the impulse characteristic of the limiting impulse 
automatic system. (4) Comparison of Some Features 
of a Limiting Impulse Automatic System (Further ’ 
Mentioned as I.A.S.) and an Automatic Digital System 
@urther Mentioned as A.D.S), For the I,A.S, and 
A.D.S., equations are derived for steady-state 
transfer characteristics, It is shown that tf the 
impulse characteristic of IT.A.S.: 


kg{n, n—m, ce] >0, (4.5) 


is not negative fora given n,€ and an arbitrary 
m, then the maximum d: viation caused by the level 
quantization in a given time does not exceed the 


product of the quantization interval of the value of the. 
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When transfer function is monotonous, the deviation 
caused by level quantization does not exceed the 
quantization interval. Only in this case may the 
Stability condition for I.A.S. be determined when 
basing on A.D.S. Stability conditions. ‘The method 
explained makes it possible to determine the maximum 


figures; and 4 references, 3 Soviet, 1U.S. The 
U.S. reference is; Bertram, J. E., Effect of 
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{Proceedings of the lst International Congress of the International 
Federation of Automatic Control, Moscow, 1960] dy I Mezhdunared- 
nogo Kongreata Mezhdunarodnot federateil po avtoma Acheskomu upravle- 
niiu. Moskva, Izd~vo Akad, nauk SSSR. Vol.3. [Statistical investigea~ 
ion methods. Theory of strudtures, simulation, terminology, and 
education] Statisticheskie metody issledovaniia, Teoriia struktur, 
modelirovanie, terminologiia, obrazovanie. 1961. 744 De 

; (MIRA 14:8) 
1. International Federation of Automatic Control, lst International 
Congress, Moscow, 1960. 
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A055/A133 
16.9800 (031, N 2 /M3Z) 
AUTHOR: Tsypkin, Ya. 4Z- 
TITLE: Analysis of open-loop systems with pulse-amplitude modulation 
PERIODICAL: Elektrosvyaz', no. 4, 1961, 3-8 
TEXT: The open-loop system with pulse-amplitude modulation of Class I 


can be imagined as @ series connection of the key and of the continuous cir- 


cuit: 
ria [al tha 
F*(q,A) q 2*(q;€) 


(* refers to Jury - Ref. 3: "Sampled-data control systems". Willey, 1959). 
The key is closed periodically for a finite duration, so that the continuous 
circuit is subjected to the action of the train of pulses whose tops vary 
with the shape of the input signal (Fig. 2). In the analysis and calculation 
of such systems, Farmanfara and Tou (Refs. 1 and 2) introduce special trans- 
formations (P-transformation and T-transformation) which are essentially 
Laplace transformations of a modulated pulsesequence (Fig. 2b). In the pre- 


; 
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tion, that the analysis of pulse-amplitude modulation systems of Class I (or 
"systems with key", as they are also called) can be reduced to the analysis 
of the usual open-loop pulse systems (pulse-amplitude modulation systems of 
Class II), whose theory has been sufficiently developed by Jury (Ref. 3) and 
also by the author himself (Ya. Z. Tsipkin - Ref. 4: "Theory of Pulse Sys- 
tems", Fizmatgiz., 1958). Based upon the Laplace transformation, the analy- 
sis in question can, indeed, be carried out in a simpler and more natural 
way. There are 3 figures, 14 Soviet-bloc and 3 non-Soviet-bloc references. 
The English-language references are? Farmanfara. Analysis of linear sampled- 
data systems with finite pulse width. Open loop. ‘Communications and Elec- 
tronics", 1957, no. 28; Tou. Analysis of sampled-data control systems with 
finite sampling duration. "Proc. of National Electronics Conference", 1957, 
vo 133; Jury. "Sampled-data control systems". Willey, 1959. 


gent article, the author proves, by a comprehensive mathematical demonstra- if 
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AUTHOR: Tsypkin, Yao% (Moscow) 

held nT 
TITLE: On investigating the stability of periodical regimes 


in non-linear automatic pulse systems 


PERIODICAL : Avtomatika i telemekhanika, V- 22, no. 6, 1961, 
711 = 721 


MEXT; The equation of stability in small deviations is deduced. 

It is found that the equation corresponds to a linear automatic 

pulse system with periodically changing amplification coefficient. 
Direct investigation of the latter is impossible but it can be re- 
duced to an equivalent pulse system with constant parameters. The- 

/ re are two possibilities of doing this; the first one was used by 

“<T,V. Pyshkin (Ref. 6: Avtokolebaniya Vv sistemakh 8 shirotno-impul '- 
' gnoy modulyatsiyey- feoriya i primeneniye: diskretnykh avtomatiches- 
“kikh sistem (Natural Oscillations in Systems with Pulse-Width Mo- 
dulation. Theory and Applications of Discrete Automatic Systems) 
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Trudy konferentsii, Izd-vo AN SSSR, 1960). The author uses the se- { 


cond possibility, obtaining equations 
Lent. multiple-feedback linear systems 
and polving them.There is stability if the 
tic equation have negative real parts. 
turbances is also reduced to that of the 


se system with variable amplification coefficient or of an equi- 


valent system with constant coefficiehts; 


lation function and the dispersion of deviation are}@ 
6 Soviet-bloe and 1 non-Soviet- 


are 4 figures and 7 references; 
bloc. 
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16,4000 (1344 12) 1132) B104/B201 : e 
AUTHOR: | ‘Taypkin, Ya. Z. : 
TITLE: Effect of random noise upon the periodic operation in 


automatic zelay systems : P 


“PERIODICAL: Akademiya nauk SSSR. Doklady, Vv. 139, nO« 3y 1961, 570 - 573 
ade of automatic relay systems, consisting of a 
relay and a continuous part which can be connected: both as concentrated | 
and ag distributed parameters (Fig: 1). Periodic conditions of operation 

with the frequency w, ere’ assumed in this system. These periodic conditions ° 
of operation can be either imposed: from outside, or the system is 
oscillatory. Random disturbances in the relay component or in the 
continuous part change the periodic operation. fhe author estimates the 
change of periodic operation as caused by random noise,, i. e., he finds 
an expression for the mean square of this deviation, ,As has been previous 
-ly shown by the author (Teoriye releynykh sistem avtomaticheskogo 

. vegulirovaniya (Theory of relay systems for automatic control), M., 1955, . 
gl VIII), the equation of a relay system may be written.in the form oy es 


Card 1/$/ Ss, 


TEXT: A study has been m 


CASHES RE aatan te CAND Prieta 


APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320008-8" 


"APPROVED FOR RELEASE: 08/31/2001 


Effect of random noiseee. 


L{x(4)} = L{£(+)} - w(p)io(x(t)y (1). 
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Here, f(t) is the action, from 


) 
outgide, x(t) the errors w(p) the transfer function of the linear part; 


' the characteristic of the ees element. 
t 


a X(t) +4 


the deviation from periodic conditions. Then, 


_eonditions, be represented by x( 


ae oan, under periodic 
t), where §(t), denotes 


Lx(t) +E (t)} = LEC) ey (sp - Wp) L(B(KC) + &(4))} (3) 48 obtained 


for (1). 


For a sufficiently small. random noise, th 
can be deseribed by L(E(t); = Liy(+)} - W (8) 449! (x(+)) 4 (+)} 
@' is the derivative of the relay componen 


e relative deviation ; 
(5), where 


+ gharacteristic, for which 


the author, in the abovementioned previous work, had obtained Done, 


i ~ 2k: eo 
a’ (x (f)) = 2kpd (x(¢)) = ene 3 (1 — he : 


—=—CO 


(6). 


Here, k_ denotes the "amplification" factor of the relay element, and ” 


&§ (+) is the pulse function (Dirac function). 


and using: L {0 (t — ne} aon (k =) ; : (A), relation 


cara 2/94/ 


APPROVED FOR RELEASE: 08/31/2001 


Introducing (6) into (5), 


CIA-RDP86-00513R001757320008-8" 


"APPROV : 
ED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320008-8 


fasts i ae RPE en esbaEsTenspensenstormers 
eal SHEA 


25710 a 
’ . g/020/61/1 39/003/009/025 Za 
"  p104/B201 t 


 Bffect of yandom noise.-- 


-_ y) 2k, a ' 
Ee) =Ne)— PE ool (P). (7) is obtained, where. 


(B) and : o's. 


Zp) = LECH} > VCR) = BOYCE 
. ‘ foo) righ aa ‘ : oh 
= Y r ; : of 
=“p) « oe (x@)} " ? a 6 é (5) (c). Equation (7) corres- oY 
ponds to & pulse system consisting of a linear part with the transfer °*: : af 
function w(p) and a pulse component with the amplification factor - ae ee 
ax,/\ x») , and the input of which is feeded by & random noise. | : a 
se —— ee = K*(p) ¥" (p)s + 
= Ww" OP) 
ian ; {x (s1/@0) 
, (8) r (9) where : 
: : pore ee : : 
wo, : Kip) 2k, ‘ 
oo Pi 4 1+ we (p) 
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is then obtained, where K“(p) denotes the transfer funotion of the 
pulse element. Studying the action of the yandom noise upon the periodic « 
i dca leads to an analysis of a pulse system which is described by 


aac “(). . Relations 


aia) cmteine | aie 
cr . : . : f 


e(Qn5)- Re (0) =. > 3. MEME Rp (11) 


are ebthined ‘for thie: mean square of deviation, néze 84 () and Rg (nb) ’ 


denote the steady and spectral densities and the correlation function ° ‘ 
' of random noise. There are 2 figures and 4 SOuseesPaoe references. 
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(Institute of Automation and Telemechanics, Acadeny, of 
Sciences USSR) 
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TITLE: ‘sory c' automatic pulge systems with amplitude-pulse 
mn. dulation of second kind © : 


PERIODICAL: Rindemica nauk SSSR. Dokledy, v. 139, no. 4, 1961, 834-837 


TEXT: As is known, avzomatic pulse-amplitude systems can be divided ‘into 
two classes. In systems of class I, a pulse train is represented as pulses 
of equal form whose height is determined by the modulating input quantity. 
The theory of this glass is fairly well developdd. Systems of cless II’ may. 
be considered continuous systems: containing a discrete component jn the | 
circuit, which closes the circuit at the instants ;T dnd opens it at the 
instants (1-p)T (Fig. 1). Accordingly, systems of class II have abruptly: .. 
- changing parameters corresponding to the parameters of the closed and the 
opened system. Here, the author shows a Way of determining the equations 

of a system of class II. These’ equetions ‘are not algebraic but integral: 
equations of the Fredholm. type with a degenerate kernel. The solutiong of 
these equatiins determine the image function of a discrete Laplace trans- 
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formation, to which the results of the theory of systems‘of class I may 
directly be applied. It has been demonstrated by the author previously es See 
(Blektrosvyaz', no. 4, (1961)) that the equation of’’an open system of ae 
class II may be represented by a discrete Laplace transformation in the 


veal e=— ef” . “ —n 


form eer _ 
Z(q. ) = \W5 x Pe HD, 45 
2) = WE. eA dm 

mae. Where : St in teh Bh. a =e : 
: wre’), npu OSA <e, | ae 

Wola, cel ay (qQ.ite—) mpregara<l. (eh: See 

The transmission function is equal to = 
Hyde, | . 

| SO er 53 
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where Qy ‘indicates the poles of the transmission function ila) of the 
continuous component, el = iim(q-ay)#(q) is a constant quant ty, and q = pT 
q—ay >be 
stands for a dimensionless parameter. For a closed system of elas II, the 
condition for the discrete component may be written in the form 
“X *(are) = F “(ay t) - 2" Cas ) (4). Thus, , 


x4 e) = F’(q, y—\wi sn (7 A) di. (5) 


‘4s obtained from (1) and (4) as an equation for a closed system of class II. 
This equation is represented in the form , 


£ 
es ae t 
X*(q, 0) = F°(g, 2) —\w(e— 9) Xd) dh 
aa en eae 62 
—\et we (9, 1 Fe — 4) X* (g, A) dd, 


Card 3/5 


APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320008-8" 


"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320008-8 


i PISS SIAN > 
ite As ae ee oad 


as a. | a 
8/020/61/139/004/008/025 
Theory of automatic pulse systems ... B404/3231 


(7) may be considered a combination between a convolution integral equation 
and a ‘Fredholm integral equation on the condition that OLE RY By 8) 
“solving this equation as a convolution integral equation, an ordinary | 
Fredholm integral equation is obtained, which may be represented in the 
form ; fe 3s ; : 
j - - 
X'°(q, 2) = FG e) — FA ete (em F(a, AdA— hs ae 
pl Q an 


t rity tg tet 


“3 eS Jena x (g, B) dh. 


Al et —e™ 4 4 0 al ? : 
. . : 50 
This integral equation shows a degenerate kernel, and can be solved by i 
known methods. It is shown that the expression obtained for the solution 
X*(q,¢) of a system of class II reduces the investigation of this system to 
the investigation of well-known systems of class I. There are 1 figure : 
and 9 references: 5 Soviet-bloc and 4 non-Saviet-bloc, 355 
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; PURPOSE AND COVERAGE: This book is intended for readers familiar vs 


with the fundamentals of pulse engineering and the theory of auto- 
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taking advanced courses at schools of higher technical education. 
The book deals primarily with the general properties of closed and 


open Linear pulse systems, The methods developed for investigating: | ' 
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global stebility criteria, structure of stable systens 


ABSTRACT; Glebal stebility of relay automatic systems is studied on the basis 
of ¥. M, Popoy's method epplied to the study of absolute stability of continuous 
nonlinear systems and to a certain cless of ayvieus with discontinuous 
characteristics, For a closed relay automatic system consisting of a relay 
element and a linear part, a nonlinear integral equation of the Volterra type of 
the second kind is derived, and concepts of stability, asymptotic stability, 
and global stability are formated, The upper townl of the solution of the 
Volterra-type integral equation is established, on the basis of which criteria 
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for asymptotic global stability and global stebility are derived in the form of 
Popov's theorem: a) If there exists such a positive number r, that for any real 
finite frequency Omega the inequality given in formla (1) of Enclosure holds, 
then the relay automatic system is globally asymptotically stable. b) For the 
relay automatic system to be globally stable, it is necessery that for every real 
finite frequency Omega, the inequality given in formla (2) of Mnclosure holds. 
This theorem is shown to hold when the transfer function has a simple pole in the 
origin. Other forms of criteria are presented woich make it possible to esteblish 
the glcbal stebility of a relay automatic system from its frequency or phase 
characteristics. From the global stability criteria established for relay 
automatic systems the necessary end sufficient conditions follow for their 
stability “in the small," derived earlier by verious methods. Certain properties 
ef transfer fumctions and frequency cheracteristics of stable relay automatic 
systems are established and used to determine the structure of globally steble 
relay automatic systems, It is noted thet the globel stability criteria derived 
are also valid for systems with deley and for systems with distributed parameters. 
The application of the criteria derived is illustrated by three examples. Orig. 
art. has: 68 formulas and 6 figures, 
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systems 


SOURCE: Avtomatika i telemekhanika, v. 25, no. 3, 1964, 281-289 


TOPIC TAGS: automatic control, sampled data control system, sampled data 
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: ABSTRACT: A frequency criterion of the absolute stability of nonlinear 
automatic-control systems is proposed with stable, neutral, and unstable ’ 
"reduced continuous parts" (RCP, see Fig. 1 of the enclosure), The criterion is, in fact, 

‘ "a slight modification of the ordinary analog of the Nyquist and kindred criteria 
used for linear sampled-data systems." The system consists of a nonlinear 
element (NE) and a "linear sampling part" (LSP). The latter includes a sampling 

. element (SE), which realizes the amplitude-pulse modulation, and RCP, which 

| comprises a shaping unit (SU) and a continuous part (CP). The LSP can bo 
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ABSTRACT: In the author's earlier publications ,’a frequency criterion was 

:, formulated of the absolute stability of the equilibrium state in a sampled-data ; 

| nonlinear automatic system, characteristics of whose nonlinear element belong ‘ 

| with the sector (0, k). In the present article, the upper limit of k is elevated by - 

:| (a) the introduction of a lower limit, r-> 0, and (b) imposing constraints upon the _ 
| derivative of the nonlinear-element characteristic. These techniques result not 

j only in higher values of k but also in covering the cases of neutral and of unstable _. 
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linear samplers. A simpler proof of the frequency criterion than that givenby = | 
E. I. Jury, et al, (IEEE Trans., v. AG-9, no. 1, 1964) and by G.-P, Scegt 
(Proc. Nat. Acad. Sci., v. 256, no. 49,,1963) is offered for the case r «20, 
- Conditions for the advantageous use of the new absolute -stability frequency 
' {| criterion are indicated. Also, it is proven that, with the repetition period 
! approaching zero, the new frequency criterion becomes identical with the well- [ 
| known V. M. Popov condition of the absolute stability of a continuous nonlinear I 
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AESTRACT: In a previous work (Automatika i tel + | } 

Pe previous wor lenekhanika 24, #12, 1963; 
ineyny*ca impul'sny*kh system, Moscow » 1963 - Theory of fre ice oo 
whe author developed criteria for the stability of linear pulse systems. In th 
present eae oe shows how the criteria for stability of nonlinear cystens can be 
expressed in terms of criterla for the linear 5 rt. 

Pater ee. ro earized systems. Orig. art. has: no 
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ABSTRACT: The problem of determining an unknown functional dependence (the charac- 
teristics of the functional generator) 
y = f(z) - (1) 
aT from a finite number of randomly observed vaiues of the vector x = (x, Xoo cee x,) ~ 
and the corresponding values of y, which has been analyzed in detail by M. A. 
Ayzerman, E. M. Braverman, and L. I. Rozonoer (Avtomatika i telemekhanika, Vv. 25; 
no. 12, 1964, 1705-1714) by the method of potential functions is reconsidered in this 
article. It is shown that two of three algorithms for generating functional depen- 
dence (1) presented by M. A. Ayzerman and his co-workers van be obtained by applying 
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the elementary concepts of the theory of the extremum of 4 function of several vari- 

ables and the theory of stochastic approximations developed by H. Robbins and 5S. 

Monro (Ann. Math. Statistics, v. 22, no. 1, 1951). The problem of determining the ae 
characteristics of a nonlinear functional generator from random points is reduced fe 
to the problem of the best approximation of the function f(x) by a funetion 


a 

F@) = 2 ener (2) (2) 
where ,,(x) are linearly independent functions and Cy are unknown coefficients, that 
is, it consists in determining Cy, values such that the functional describing the 
measure of the deviation #(x) from f(x) (the mathematical expectation of a certain 
convex function F(f(x) - #(x)) is minimized. To determine C,, a system of nonlinear 
equations is derived which is solved by applying the method of stochastic approxi- 
mations. The recurrence relation (the algorithm) for determining the C, is derived 
whose form depends on the selection of the function F(f(x) - ?(x)). It is shown 
that somewhat different algorithms can be obtained by using the generalized method 
of statistical approximation developed by J. Krefer and J. Wolfowitz (Ann. Math. 


Statistics, v. 23, no. 3, 1952). It is stressed that derived algorithms can be 
applied to certain pattern recognition problems. Orig. art. has: 16 formulas. {LK] 
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ABSTRACT: A multiconnected pulse Seale containing a complex linear continuous 

section (LCS), M pulse elements (PE) operating in synphase, and M nonlinear elements 
(NE) the characteristics of which may in general depend on time, may be represented in the 
form of the vector block scheme shown in Fig. 1. 
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